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1 PRINCIPLE OF OPERATION

A residual voltage transformer (RVT) is used to mea-
sure the residual voltage of a three phase system dur-
ing a single phase fault. During normal operation, the
three phase voltages summate to zero. The primary
of the Residual VT is connected to the three phases
of the system. The secondary is connected in broken
delta, and the residual voltage appears across these
terminals during a single phase to earth fault. When
there is no earth fault, no voltage appears across the
secondary terminals.

The residual voltage that is developed is equal
to three times the zero sequence voltage. For zero
sequence flux to be developed in the VT for the
measurement of the residual voltage, there must be
a return path for the summated flux. In the usual
three-phase, core type transformers, such a path is
not available and residual VTs are therefore provided
with five limbs; the two outermost limbs being un-
wound and providing a return path for the zero
sequence flux.

However, when three single phase VTs are used in
order to obtain the residual voltage, no extra limbs
are required to be provided as each single phase VT
has a core with a closed magnetic path.

The primary winding neutral should be earthed,
as zero sequence exciting current cannot flow without
the earth. If the primary is not earthed, the residual
open-delta winding will show some voltage, but this
voltage will reflect the third harmonic in the flux.

If no earth connection exists, zero sequence cur-
rents cannot flow and hence the flux will contain
a third harmonic component that is reflected in the
primary and secondary voltages. This voltage, ap-
pearing at the secondary terminals, in no way reflects
the residual voltage in the system.

The VT should be rated for the appropriate voltage
factor depending on the system and type of connec-
tion.

The residual voltage can also be extracted using
auxiliary VTs connected in star/broken delta and
energized from the secondary of the main VT. The
main VT should be a five-limb type; its primary
neutral must be earthed and it should be rated for
the voltage factor.

The secondary neutral of the main VT should be

connected to the neutral of the auxiliary VT primary,
which should also be rated for the voltage factor.

The residual VT is usually provided with a sec-
ondary connected in star that supplies any burden
and a tertiary that is the actual open-delta residual
voltage winding.

2 RVT UNDER DIFFERENT SYSTEM
CONDITIONS

The RVT can be studied in greater detail during three
conditions: a healthy system, earth fault on one phase
where the system neutral is solidly earthed and earth
fault on one phase where the system neutral is not
earthed.

Consider a VT with a primary of 11 kV and a
secondary of 110 V and a residual winding wound
for 110 V/

√
3.

2.1 Healthy System
In a healthy system, the voltages are balanced and
hence:
Primary phase voltage = 11 kV/

√
3

Secondary phase voltage = 110 V/
√
3

Residual voltage = 0

2.2 Single phase fault on a solidly earthed
neutral
In a solidly earthed system, when a single phase
earth fault occurs, one phase voltage will drop to zero
and the sum of voltages of other two phases will be:
110/
√
3 + 110/

√
36 −120 = 110/

√
36 −60 V.

2.3 Single phase fault on an unearthed
neutral
In this case, the voltage on the faulted phase will drop
to zero and that of the neutral rises to the system
phase voltage: 11 kV/

√
3. The phase-earth voltage is

now equal to phase-phase voltage. In the VT primary,
the voltage across any phase is now equal to the
line voltage and the angular displacement is now 600

instead of the usual 1200.
In the VT secondary, the phase voltage is also

scaled by
√
3 and equals the line voltage of 110 V.

The resultant of the two secondary phasors will not
exceed the line voltage of 110 V.



However, in the residual winding, the scaling of
phase voltage by

√
3 causes the flux to be scaled

by the same amount. Thus the induced emf in the
tertiary winding also increases and the phasors are
displaced 180 degrees from the primary. The resultant
residual voltage across the terminals of the tertiary
is
√
3 × [110/

√
3 6 60 + 110/

√
3 6 240] =

√
3 ×
√
3 ×

110/
√
3 = 190 V.

Thus the residual voltage will have two possible
values of 63.5 V or 190 V, corresponding to whether
the supply neutral is either solidly earthed or un-
earthed.

If the neutral is earthed through an impedence or
resistance, the value of the residual voltage will vary
between 63.5 V and 190 V.

3 RVT AS PER STANDARDS

RVTs are specified as a sub-group of protective VTs in
all standards. The preferred voltages for the residual
winding are usually 110 V, 110 V/

√
3 or 110 V/3.

The accuracy classes are as specified in Table 1
for three single phase earthed VTs used in a residual
connection and as specified in Table 2 for one three
phase VT used for residual connection. RVTs need
not be assigned a measuring VT class of accuracy.

TABLE 1
Accuracy requirement for protection VTs

Accuracy Class Ratio Error (%) Phase Displacement (mins)
3P ±3 ±120

6P ±6 ±240

TABLE 2
Accuracy requirement for three phase RVTs

Accuracy Class Ratio Error (%) Phase Displacement (mins)
5PR ±5 ±200

10PR ±10 ±600

The voltages for three-phase RVTs in an effectively
earthed system are 110, 110 V/

√
3, and 110/3. For

three-phase VTs in an isolated neutral system, the
residual voltages are 3*110, 3*110 V/

√
3 and 3*110/3.

The circuit for the measurement of accuracy differs
according to the rated voltage factor (Vf ). Where the
Vf ≤ 1.5, the standard VT is connected between the
line terminals and the star point and 150% of rated
primary line neutral voltage should appear across
the VT primary terminals and earth.

Where the Vf ≥ 1.9, the standard VT is put
between the healthy line and the faulty line and a
balanced three phase voltage of 110% of the line-line
voltage should appear at the primary terminals of the
VT.

Any secondary winding, other than the residual
winding should be connected to its burden.

To check the error limits as per the table, 120%
of the rated voltage may be applied to the primary
terminals.

The voltage at the terminals of the residual wind-
ing should not exceed 30% of the rated residual
voltage.

Any additional three-phase secondary winding
should be kept open (at no-load) during this test.

4 ERRORS IN RVT
The main purpose of a residual voltage winding in
a VT is to provide the polarizing voltage for direc-
tional relays. The operation of the directional relay
is not critically dependent on the magnitude of the
polarizing relay and the phase error of the directional
relay is higher than that of a VT. Therefore, the errors
of a RVT need not be closely controlled.

However, in case of small residual voltages it
is possible for a spurious residual voltage (SRV)
to be developed because of the errors in the three
phases. This voltage may be referred to as the phase
composite error voltage. The vector sum of the three
phase composite error voltages gives rise to a SRV.

The SRV could have any phase angle with respect
to a small genuine residual voltage that arises as a
result of a fault. If there is a direct phase opposition
between these voltages, a large residual voltage could
be produced at the terminals, which could cause
operation of the directional relay.

However, it must be noted that the above rarely
occurs as the errors on a bank of three single phase
transformers are usually similar. If the errors are
identical, the SRV will be zero. In case of five-limb
VT, there are chances of a significant SRV, as third
harmonics in the primary voltage waveform, which
are zero sequence components, summate in the resid-
ual voltage winding.

5 APPLICATION OF RVT
RVTs are used in three phase capacitor banks to
detect the displacement of the neutral in cases where
one capacitor in a three phase bank fails. The RVT
also serves the purpose of discharging the capacitor
and must be rated suitably as the discharge energy
of the capacitor will flow through it.
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